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INTRODUCTION 


The  NBS-MCCA  Collaborative  Reference  Program  for  Color  and  Appearance  is 
sponsored  by  the  Manufacturers  Council  on  Color  and  Appearance  and  the 
National  Bureau  of  Standards.  Four  times  per  year,  paint  chip  samples  and 
near  white  paper  samples,  along  with  a white  calibration  check  sample,  are 
distributed  to  participating  laboratories.  Participants  in  the  paint  chip 
test  receive  two  pairs  of  color  samples  (from  the  full  color  spectrum) 
along  with  a white  calibration  sample.  Participants  in  the  near  white 
paper  test  receive  two  sets  of  eight  near  white  papers  along  with  a white 
calibration  sample.  Laboratories  can  participate  in  either  or  both  tests. 
The  samples  are  tested  by  the  laboratories  and  the  data  is  returned  to  NBS 
for  analysis. 

Each  test  is  analyzed  in  both  X,Y,Z  and  L,a,b  color  spaces.  The  X,Y,Z 
space  analysis  is  primarily  for  spectrophotometers  while  the  L,a,b  space 
analysis  is  primarily  for  colorimeters.  A laboratory  must  specify  in  which 
space  it  wishes  to  receive  its  analyses. 

Data  from  each  laboratory  is  processed  in  a "normal"  and  an  "adjusted" 
analysis.  In  the  "normal"  analysis,  the  laboratory's  data  is  used  as 
reported.  In  the  "adjusted"  analysis,  the  laboratory's  data  if  first 
adjusted  using  a correction  factor  generated  from  the  laboratory's  white 
calibration  sample  data  (see  Explanation  of  Data  For  White  Sample). 

For  comparison  purposes,  reflectance  values  for  single  specimens  of  the 
paint  chip  samples  at  40  wavelengths  ranging  from  380  to  770  nm  and 
colorimetric  data  for  45/0  reflectance  factor  have  been  provided  by  NBS. 

Also  for  comparison  purposes,  a plot  of  the  spectrophotometric  curves  of 
single  paint  chip  specimens  was  provided  by  Hemmendinger  Color  Laboratory, 
Belvedere,  New  Jersey. 

If  there  are  any  questions  on  the  notes,  analyses,  or  the  report  in 
general,  contact  Jeffrey  Horlick  on  (301)  921-2946  or  Thomas  L.  Cummings 
on  (703)  442-0433. 
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KEY  TO  TABLES 


MEAN  - 


The  average  of  individual  test  determinations. 


GRAND  MEAN  - 
(GR.  MEAN) 


The  average  of  the  individual  laboratory  MEANS, 
excluding  laboratories  flagged  (see  column  F) 
with  an  X,  #,  or  +. 


SD  OF  MEANS  - The  standard  deviation  of  the  laboratory  MEANS 

about  the  GRAND  MEAN:  an  index  of  the  among- 

laboratory  precision. 

INST  CODE  - Code  for  instrument  type  and  color  space  used 

to  report  measurements,  see  Table  of  Instrument 
Codes 


F - Flag,  is  based  on  aE  column  with  the  following  meaning: 


0 - Included  in  grand  mean  analysis. 

* - Included  in  grand  means  but  results  are  between 

two  and  three  standard  deviations.  The  participants 
should  take  this  as  a warning  to  reexamine  testing 
procedures. 

X - Excluded  from  all  calculations  because  aE  is  beyond 
(3)  standard  deviations. 

+ - Excluded  from  all  grand  mean  calculations  because 

lab  is  using  a nonstandard  instrument  or  test  method. 

# - Excluded  from  all  grand  mean  calculations  because  data 

were  not  understood,  data  were  extreme,  late,  or  in- 
sufficient information  was  supplied  concerning  instrument 
and  test  method  used. 

Note:  In  addition  to  flag  (F)  based  on  delta  E column,  it  is  also  possible 
to  have  either  an  X or  an  * on  individual  MEANS  as  follows: 

X - following  a MEAN  signifies  that  the  mean  is  greater  than  3 SD  of  MEANS 
from  the  Grand  Mean.  The  values  for  this  laboratory  have  been 
omitted  in  the  calculations  involving  the  MEAN  for  the  column. 

* - following  any  of  the  MEANS  signifies  that  the  quantity  is  greater 
than  2 but  less  than  3 of  the  appropriate  standard  deviations  from 
the  corresponding  average.  The  participant  should  take  this  as  a 
warning  to  reexamine  his  testing  procedures. 

aE  - Total  color  difference  between  two  samples.  In  X,  Y,  Z analysis  it  is 
calculated  in  MacAdams  (FMC  II)  units.  For  L,  a,  b analysis  it  is 
calculated  in  Hunter  units. 
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aE  Calculation 


AE  is  calculated  in  the  Color  and  Color  Difference  Collaborative 
Reference  Program  by  the  FMC2*  equations  (X,  Y,  Z analysis)  as  follows 
The  yellow-blue  chromatic  difference  is 

AC]  = K^PaP  + QAQ)/bD2  - KlAS/b; 
the  lightness  difference  is 

AL  = 0.279K2(PaP  + QAQ)/aD; 
and  the  red-green  chromatic  difference  is 
AC3  = K] (QaP  - PAQ)/aD. 

The  quantity,  D,  is  an  abbreviation, 

D = (p2  + q2)H. 

Ki  = 0.55669  + 0.049434  Y-  0. 82575 * 1 0“3Y2  + 

0.79172*1 0“ ^Y 3 - 0.30087-10-7Y4, 

K2  = 0.17548  + 0.027556  Y - 0.57262- 10"3Y2  + 

0.63893-10'5Y3  - 0.26731 • 1Q-7Y4, 
a2  = 17.3* 10~6(P2  + Q2)/[l  + 2. 73P2Q2/(P4  + Q4)], 
b2  = 3.098* 10“4(S2  + 0.2015  Y2) 

P = 0.724  X + 0.382  Y - 0.098  Z, 

Q = -0.48  X + 1.37  Y + 0.1276  Z, 

S = 0.686  Z, 

AE  = [ ( ACq  )2  + (AL)2  + (aC3)2]}2 
♦Friele-MacAdam-Chickering  metric 
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1ES 1 METHOD  CeEES 

FOE  PAIN!  CHIPS  AND  NEAS  SBITE  PA  PEES 


INSTRUMENT  CODE 

COLOR 

DATA 

FAINT 

PAPER 

INSTRUMENT 

SPACE 

CODE 

C70AC 

C71AC 

ACS  SPECTRA  SENSOR 

X Y Z 

9014 

C70BL 

C71BI 

E»L  505  SFECTROPHOTeMETE* 

X Y 2 

90  14 

C7  0CA 

C71CA 

CARY  14 

X Y Z 

9014 

C70CB 

C71CE 

CARY  17 

X Y Z 

90  14 

C70CD 

C71CD 

COLOR  EYE  SMALL  SPBEBE 

X Y Z 

9014 

C7  0CE 

C71CE 

COLOR  EYE  SMALL  SPBEBE 

n'i2,4» 

9016 

C70CF 

C71CF 

COLOF  EYE  SMALL  SPBEBE 

XYZ.EaS€4 

9017 

C7  0CG 

C71CG 

COLOR  EYE  SMALL  SPBEBE 

Xl'TZ.Ee 

90  18 

C70CH 

C71CB 

COLOR  EYE  SMALL  SPBEBE 

X YZ  # 3 V 

90  1 1 

C7  0CL 

C71CL 

COLOF  EYE  LARGE  SPBEBE 

XX '72. 4* 

90  16 

C70CM 

C71CM 

COLOF  EYE  LARGE  SPBERE 

XX 'X2.Ee 

9016 

C70CN 

C71CN 

COLOR  EYE  LARGE  SPBEBE 

X YZ . Ee  £04 

9017 

C70DC 

C71DC 

EIANO  CBFOMASCAN  SPECTROPBOTOMETER 

X Y Z 

90  14 

C70DH 

C71DB 

ElANe  MATCB  SCAN  SPECTBCFBOTeMETEB 

X Y Z 

9014 

C70DK 

C71  DK 

DIANO/LSCE  AUTOMATE 

XYZ. EaS04 

90  17 

C7  0DL 

C71  DL 

EIANe/LSCE  AUTOMATE 

XYZ.3V.4F 

9019 

C70DM 

C71DM 

DIANO/LSCE  AUTOMATE 

XX 1 X 2 . 4 X 

9016 

C70DS 

C71DS 

EIANC/SSCE  AUTOMATE 

XX'X2.Ee 

90ie 

C70DT 

C71DT 

EIANe/SSCE  AUTOMATE 

XYZ  o EeSC4 

90  17 

C70GA 

C71GA 

GABBNER  AUTO  AC2/AC2 

Lab 

9012 

C70GB 

C71GE 

GARDNER  AUTe  AC2/AC3 

XYZ 

9014 

C70GC 

C71GC 

GARDNER  XL-20/XL-30  SERIES 

XYZ 

9014 

C70GD 

C71  GD 

GARDNER  XL-20/XL-30  SERIES 

Lab 

9012 

C7  0GE 

C71GE 

GE/DIANO/B ARDY  AUTOMATE  SFECTRC 

XYZ 

9014 

C70GK 

C71GK 

GARDNER  *1-70 

XYZ 

90  14 

C7  0GL 

C71GI 

GARDNER  XL-70 

Lab 

9013 

C70GM 

C71GM 

GARDNER  MULTIPURPOSE  RE FI E C TCMETE E 

XYZ 

90  14 

C70GP 

C71GP 

GARDNER  XL-200  SERIES 

Lab 

9013 

C7  0GX 

C71GX 

GARDNER  SL-10 

Lab 

90  12 

C70GY 

C71GY 

GARDNER  XL-10 

XYZ 

90  14 

C7  0BA 

C71BA 

BUNTER  D2£  A (DA.D1A.D2A) 

Lab 

90  13 

C70HB 

C71BE 

BUNTER  D25  A (DA.D1A.D2A) 

XYZ 

90  14 

C70HC 

C71  BC 

BUNTER  D 2 £ A ( DA . D 1 A . D2 A ) 

FD  A E 

90  12 

C70HF 

C71  BF 

BUNTER  D2£AA 

Lab 

9013 

C70HG 

C71  BG 

BUNTER  D2£AA 

XYZ 

90  14 

C70HM 

C71  HM 

BUNTER  D 2 5 V (DW.D1M.D2M) 

Lab 

9013 

C70HN 

C7I  BN 

BUNTEP  D 2 £ W (DM.D1M.D2M) 

XYZ 

90  14 

C^OBO 

C71  Be 

BUNTER  D25N  ( DM . D 1 N . D2M  ) 

ED  A E 

9012 

C70BP 

C71  BF 

BUNTER  D2£F  <DP,D1P,D2F) 

X Y 2 

90  14 

C70HQ 

C71BC 

BUNTEP  D25F  <DP,DIP.D2F) 

Lab 

9012 

C70HR 

C7i  BE 

BUNTEP  D25F  (DA.D1A.D2A) 

Rd  a b 

9012 

C7  0BT 

C71BT 

BUNTEP  D £ 4 SPECTROPBOTOMETEI 

XYZ 

GO  14 

C70BU 

C71  BE 

BUNTER  D £ 4 SPECTR0P  BeTCMETE  F 

Lab 

9013 

C7  0IC 

C7 1 1 C 

IBM  SPECTROPBOTOMETER 

LAE 

GO  12 

C70IB 

C71  IE 

IBM  SPECTROPBOTOMETER 

XYZ 

9014 

C70KC 

C71  KC 

KCS-18 

XX 'X2.4X 

9016 

C70KD 

C71  KD 

KCS-18 

XX ' X2 . Ea 

90  ie 

C70KS 

C71KS 

KCS-18 

XYZ 

9014 

C70KT 

C71  KT 

KC  S -40 

XYZ 

90  14 

C70LS 

C71LS 

LERES  TFILAC 

XYZ 

9014 

C70LT 

C71LT 

LERES  TRILiC 

XYZ. 2V 

9011 

C70MD 

C71ME 

MACEETB  N S 2000  SPECTROPBOTCMETER 

XYZ 

90  14 

C70ME 

C71  ME 

MACBETB  M S 2000  SPECTROPBOTOMETER 

Lab 

GO  13 

C70MG 

C71MG 

MACEETB  MC1010 

Lab 

9013 

C70MB 

C71  MB 

MACEETB  MC1010 

XYZ 

9014 

C70MS 

C71MS 

NARTIN  SHEETS 

XYZ 

9014 

C70MT 

C71MT 

MARTIN  S VEETS 

XX 1 X2 . E e 

90ie 

C70ND 

C71ND 

NEOTEC  2 2 C DU  COLOR 

P G E 

GO  1 5 

C70NE 

C71NE 

NEOTEC  220  DU  COLOF 

XYZ 

90  14 

C70SA 

C7  ISA 

SPECIAL  INSTRUMENT  - INCLUDED 

XYZ 

9014 

C7  0SB 

C71  SE 

SPECIAL  INSTRUMENT  - INCLUDED 

Rd  a b 

9012 

C70SC 

C71SC 

SPECIAL  INSTRUMENT  - INCLUDED 

Lab 

9013 

C7  0SL 

C71SL 

SPECIAL  INSTRUMENT  - INCLUDED 

fi  G E 

9015 

C7  0SP 

C71  SP 

SPECIAL  INSTRUMENT  - EXCLUDED 

XYZ 

90  14 

C70SQ 

C71SC 

SPECIAt  INSTFUMENT  - EXCLUDED 

Rd  a b 

9012 

C70SP 

C71  SE 

SPECIAL  INSTFUMENT  - EXCLUDED 

Lab 

9013 

C70SS 

C71  SS 

SPECIAL  INSTRUMENT  - EXCLUDED 

R G E 

9015 

C70ZD 

C71ZD 

ZEISS  DMC  2 £ 

XYZ 

9C  14 

C70ZA 

C7IZA 

ZEISS  DMC2C 

XYZ 

90  14 

C70ZE 

C71  ZE 

ZEISS  ELREFBO 

XYZ 

9C  14 

C70ZF 

C71  ZF 

ZEISS  ELREFBO 

R G E 

90  15 

C7  0ZB 

C71ZE 

ZEISS  PFC3 

XYZ 

90  14 

C70XX 

C71  XX 

GIVE  INSTRUMENT  MAKE  AND  MODEL 

NOT  SPECIFIED 

9020 

FORMAT 

OF  COLORIMETRIC  (INPUT)  DATA 

DATA 

CODE 

COLOR  SCALE 

GO  1 1 

X.Y.Z  3 

FUNCTION  VITROLITE  CORRECTION 

9012 

Rd . a . b 

9013 

L.a.b  BUNTER 

9 C 1 4 

X.Y.Z 

9015 

F.G.E 

9016 

X.X  1 , X . z 

4 FUNCTION  VIIFelllE  C«SBEClleN 

9017 

X.Y.Z  , 

BaS04  CORRECTION 

9 C 1 8 

X.X ' , X, 2 

BaS04  CORRECTION 

9019 

X.Y.Z  4 

FUNCTION  VITRCLITE  CORRECTION 

9020 

( NON-STD 

o INSTo  SCALE  SPECIFIED  RITB  DATA) 
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Notes  on  Specific  Laboratory  Results  for  Paint  Chips 


C223 

- Submitted  insufficient  data  to  be  analyzed  in 
this  report 

C253,  C655 

- Data  included  in  body  of  report,  but  received  too 
late  for  checking  and  therefore  not  included  in 
statistical  computation 

C514A,  C514B,  C612 
C662,  C717A,  C717B 
C720A,  C720B 

- Used  illuminant  D65 

C705,  C707,  C750 

- Apparent  reporting  or  measurement  problem  on  all 
five  samples 

C708B 

- Used  illuminant  A 

C725 

- Reported  extreme  values  compared  to  other  labs  on 
sample  D19 

C742 

-■  Apparent  reporting  or  measurement  problem  on  samples 
D1 9 and  D20 
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REPORT  NCc  31  MCCA  COLLAECHATl VE  REFERENCE  PB0OBJK  1979-1980 

X,  Y,  Z SPACE  ANALYSIS,  NORMAL  DATA 
C6L0S  ♦ COLAS  II JPEBSNCB 

FOR  PAINT  CHIPS 


LAB 

SAMPLE 

D 1 7 

SAMPLE 

Die 

DIFFERENCE  Die 

- D 1 7 

INST 

CODE  F 

MEAN  X MEAN 

Y MEAN  Z 

MEAN  X MEAN 

Y MEAN  Z 

AX  AY 

AZ 

AE 

CeDE  LAB 

Cl  57 

0 

39,  67 

30,78 

2 8,  Cl 

39,  1 1 

30,  03 

27,  80 

56 

-.75 

-.21 

3,31 

7 OGE 

C 1 57 

C 162 

0 

41. 37* 

32, 00* 

27,  51 

40©  8 7* 

31,30* 

27,44 

49 

-.70 

-.  07 

3,  21 

70EC 

C 1 6 2 

C251 

e 

39.  68 

29,00 

26,  81 

39©  02 

29,  00 

26,  57 

-,  66 

-.80 

-.24 

3,  3 C 

7CZE 

0251 

C253 

n 

38,48 

29,40 

26,  85 

37,9  0 

28,70 

26,77 

58 

-.70 

-.  09 

2.77 

7 OS  A 

C253 

C27e 

G 

38,  40 

30,  35 

26,  10 

37,  6 0 

29*50 

25,  85 

00 

-.85 

-•25 

2.  6 C 

70NE 

C278 

C407 

0 

u* 

o 

o 

O 

4 

3 1 o 1 5 

20o  36 

390  54 

30o  43 

280  24 

-o  55 

-o  7 2 

-c  12 

3 0C 

7 0BL 

C4C7 

C4  14 

0 

39c  2 8 

30o  ie 

26o  44 

380  85 

290  58 

260  4 1 

-o  43 

-o60 

-o  03 

2 77 

7 CM  D 

C414 

C41  6A 

0 

36 r 6 1 X 

29o  29 

270  36 

35c  89X 

280  52 

27c  23 

•o  72 

-o  77 

-o  13 

2 4 C 

70 1 E 

C 4 1 6 A 

C4  16B 

0 

35c  89X 

280  77* 

270  60 

350  17X 

27095o 

27o  4 0 

-o  72 

-o  82 

-c  20 

2 85 

7 OGE 

C416B 

C417B 

0 

38  60 

29c  6 5 

260  84 

37c  99 

28o  e9 

260  70 

-o  61 

— o 7 6 

-o  14 

3 12 

7 0BN 

C4  17E 

C41  e 

0 

38  66 

30o  04 

270  17 

380  13 

290  35 

270  02 

-o  54 

-o65 

-c  15 

2 88 

7 CCE 

C4  ie 

C422 

0 

3e  06 

28c  98 

260  25 

37o  55 

28032 

260  19 

-o  51 

-o  65 

— o 06 

2 84 

70GC 

C422 

C424 

0 

39  3e 

30o  63 

28o  14 

360  84 

290  92 

280  03 

-o  54 

-o  7 2 

-o  11 

3 04 

70C  A 

C424 

C4  2 e 

0 

39  46 

30o  25 

270  25 

380  89 

290  55 

27o20 

-o  57 

-o  7 0 

-O  05 

2c  76 

7 0B  E 

C428 

C44  3 

0 

40  14 

30c  94 

270  55 

40o01 

30o  25 

270  80 
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C459 

0 

7 36 

7,49 

90  27 

60  4 9 

6o60 

ec  17 

-o  87 

-0e9 

-lc  10 

4 29 

C46C 

0 

6 95 

7,09 

80  6 1 

6o0  5 

60  17 

7064 

— o 90 

-o  92 

-1  17 

4 59 

C462A 

0 

7 15 

7,35 

90  05 

60  35 

60  50 

eo05 

-c  80 

-,es 

- lo  00 

4 17 

C462 

0 

7 40 

7,54 

90  25 

60  59 

60  7 1 

ec22 

-o  81 

-o  £3 

-lo  03 

4 01 

C467A 

0 

7 60 

7,76 

90  64 

60  81 

60  95 

e063 

-o  79 

ei 

-io  01 

3:  86 

C467B 

0 

7 10 

7,  24 

80  5 7 

6032 

6o  44 

7o  97 

-o  78 

-o  80 

- lo  00 

3 95 

C469 

0 

7 68 

7,81 

90  60 

60  85 

60  96 

8074 

-o  83 

-o  65 

-lc  06 

3-  99 

C470 

0 

7 41 

7,54 

9037 

60  59 

60  7 0 

80  33 

-o  82 

-o  63 

- lo  04 

4 02 

C472 

0 

7 56 

7,68 

90  47 

6o  82 

6094 

80  50 

-o  74 

-o  75 

-o  97 

3-  57 

C473 

0 

7c  22 

7,  44 

90  19 

60  55 

6066 

60  2 1 

— o 77 

-o  7 6 

-c9e 

3-  79 

C474 

0 

7 74 

7,89 

9o  95* 

60  9 4 

70  07 

8096* 

-o  80 

-,e  2 

-o  99 

3 84 

C476 

0 

7-  13 

7,24 

9034 

602  1 

60  30 

8o  18 

— o 92 

« 

-o  9 5 

-lc  17 

4 65 

C479B 

0 

7 32 

7,44 

90  25 

6o  6 2 

6074 

80  3 1 

-o  70 

-o  7 0 

— c 94 

3 42 

C48C 

0 

7 21 

7,3e 

8099 

60  41 

60  55 

7o  98 

-o  81 

-o  £3 

- lc  00 

4 07 

C481 

0 

7C  35 

70  25 

90  10 

60  4 0 

6o  30 

7o90 

-o  95 

« 

-o  95 

- lo  20 

« 

4 7 C* 

C482 

0 

6-  e2 

6,97 

80  51 

60  0 0* 

60  12* 

70  46 

-o  82 

-0ee 

-io  05 

4 30 

C483 

0 

7-  60 

7o  SO 

90  45 

60  76 

6o  60 

8o39 

-o  84 

-o  9 0 

- lo  06 

4 57 

C499C 

0 

7C  89* 

So  01* 

9C  55* 

6086 

6o  98 

8o  64 

-io  03 

X 

-1,  03 

« 

-lc  31 

« 

4 eo« 

C50  3 

0 

7C  34 

7o  46 

90  33 

60  69 

6o  79 

8o  49 

-o  64 

-o  66 

-o  84 

3 23 

C50  8 

0 

7:21 

70  3 5 

90  17 

60  6 5 

6077 

8047 

-o  56 

-o  5 6 

-o  7 0 

2 82 

C51  1 

0 

7-  35 

7,  48 

90  24 

6o  7 l 

60  83 

e042 

-o  63 

-o  65 

-c  82 

3 15 

C512 

0 

7c  30 

7o  45 

9C  10 

60  68 

60ei 

8c  3 0 

-o  62 

-o  63 

-c  79 

3 09 

C514B 

♦ 

7:  02 

7,38 

ec47 

6o  42 

60  75 

7072 

-o  60 

-o63 

-c  75 

3 05 

C52  1A 

0 

7 44 

7,55 

9C  46 

60  74 

6o  e4 

So  54 

-o  70 

-o  70 

•o  92 

3 4 C 

C52  IB 

0 

6 87 

7,01 

So  61 

60  4 1 

6052 

8c  25 

-o  46 

* 

— o 49 

fl 

-o  57 

« 

2 47* 

C526 

0 

7:22 

7,37 

90  C 2 

6062 

60  76 

8c  26 

-c  60 

-,ei 

-C  76 

3 0 1 

C52e 

0 

7c  15 

7,34 

9o00 

6o  50 

6063 

80  14 

-o  69 

-o  7 1 

-o  ee 

3o  49 

C529 

0 

70  05 

70  36 

e042 

6o  37 

6064 

7o60 

-o  68 

-o  7 1 

-o  e2 

3~  49 

C532 

0 

7-  08 

7,23 

80  5 2 

60  4 2 

60  55 

8o  1 1 

-o  66 

-06e 

-c  e i 

3 25 

C534 

0 

7 31 

7,29 

8o  9 2 

60  59 

6053 

7c  97 

-o  73 

-o  77 

-o  95 

3 92 

C536 

0 

7-  07 

70  46 

8C  3 2 

60  37 

6o  72 

7C  48 

•c  71 

— o 7 4 

-o84 

3 6 C 

C54  0 

0 

8:  03* 

8C  19  1 

10c  ce* 

7©  20* 

7 o 34* 

9o  04  * 

-c  e3 

— o 6 4 

-lc  04 

3 ee 

C545 

0 

6 80 

6,  94 

ec  66 

6023 

60  3 5 

7o90 

— o 57 

-o  59 

— r 75 

2:  99 

C549 

0 

7 21 

7,33 

90  C6 

60  47 

6o  57 

8o  13 

-o  74 

-o  7 6 

-o  93 

3 72 

C552 

0 

7 02 

70  15 

80  66 

60  30 

6o  4 1 

70  95 

-o  72 

— o 7 4 

-o  9 1 

3-  67 

C61  2 

♦ 

6-  37X 

6,73* 

70  63 X 

50  63X 

50  95* 

6078X 

-o  74 

-o  79 

-o  es 

4 02 

C613 

0 

6 33X 

7,  13 

60  fi  3 X 

50  57X 

6o  34 

87  X 

-o  75 

1 

0 

-d 

-o  96 

4 14 

C627 

0 

7c  47 

7,6  1 

9C  45 

60  6 5 

60  77 

do  40 

-o  82 

— o 64 

- lo  05 

4 03 

C6  3 0 

0 

7 45 

7,58 

90  42 

60  7 1 

6o  e2 

80  50 

— o 74 

76 

-o  93 

3 65 

C63  1 

0 

7 31 

7,  44 

90  15 

60  49 

60  6 1 

8o  10 

-o  e2 

-,  63 

-lo  04 

4 03 

C62  2 

0 

7 37 

7-51 

90  23 

60  67 

60  80 

8o  35 

-O  70 

-o  7 1 

-o  ee 

3 45 

C638 

0 

7 20 

7,40 

90  CO 

6n  50 

60  60 

80  1 0 

-o  70 

-o  6 0 

-o  9 0 

4 22 

C639 

0 

7 29 

7,42 

9C  17 

6o  66 

60  77 

80  38 

-o  63 

-,6  5 

-c  79 

3 16 

C644 

0 

6 08 

6o  94 

8C  4 0 

60  3 8 

60  43 

7077 

-o  50 

* 

-o  £ 1 

« 

-o  63 

« 

2 59* 

C645 

0 

7 30 

7,44 

90  1 1 

60  65 

60  76 

80  28 

-o  66 

-,66 

-o  03 

2 2e 

C656 

e 

6 86 

6,99 

80  6 0 

60  12 

6o  23 

70  65 

-o74 

-o  76 

-o  95 

3 83 

1979-  1560 


INST 

CODE  LAE 


70GE  C1E7 
7 0EC  C 1 € 2 
7 CZE  C2E  1 
70S A C253 
7 ONE  C276 

7 CE I C4C7 
7CND  C414 
7 C I E C416A 
7CGE  C416E 
7 CBN  C417E 

7 CCE  C4ie 
7 OGC  C422 
7CC A C424 
7 CBE  C42e 
70CM  C443 

70GE  C444 
70GE  C446 
70 AC  C451 
7 OBI  C453 
7CGE  C459 

70GE  C46C 
7 CBE  C462A 
70EC  C463 
7 OGE  C467A 
7 CBN  C467E 

70GE  C469 
7 0 E B C47C 
7CZE  C47 2 
70EB  C473 
70GE  C474 

7CSA  C476 
70CE  C479E 
7CBE  C4eC 
70BE  C4 8 1 
70GC  C482 

7CZF  C483 
7CEI  C499C 
70GE  C5C2 
7CGE  C5C8 
7 OEB  C511 

7CAC  C5 1 2 
7 CSF  C514E 
7 CC A C521A 
7CS A C521E 
7 OEB  C528 

7 0I1E  CS2e 
7 OEB  C529 
7 CGE  CS22 
70NE  C524 
7 C AC  C536 

70GE  C54  0 
7CGE  C545 
7 0EB  CE  49 
7 CBN  CE £2 
70 S F C6  1 2 

7 0 WE  C612 
7 0 Z E C627 
7CES  CC  2 C 
7CAC  C621 
7 C AC  C622 

7 OS  A C638 
7CEB  C629 
7CME  C644 
7 0 AC  CC4S 
7 OSA  ccse 


8 


1579-  I960 


FEF0FT  KC-  31  MCCA  C0LLABCFATX VE  REFERENCE  P B0G  BAM 

X,  Y,  Z SPACE  ANALYSIS,  NORMAL  DATA 

C0L0B  ♦ C0L6F  DIFFERENCE 

FOR  PAINT  CHIPS 


LAB 

SAMPLE 

E 19 

SAMPLE 

D 20 

DIFFEBENCE  E20  - 

E 1 9 

INST 

C0DE  F 

MEAN  X MEAN 

Y MEAN  Z 

MEAN  X MEAN 

Y MEAN  Z 

AX  AX 

AZ 

AE 

CODE 

LAE 

C6 

0 

7#  13 

7,  50 

Is* 

<T 

# 

CD 

69  32 

6,64 

7,49 

-.81 

-,86 

-.98 

4*  15 

7CAC 

C657 

Ct 

♦ 

6,  99 

7,30 

8,  36 

69  3 2 

6*59 

7.56 

-.67 

-®7  1 

-„eo 

3*  45 

7 C£  F 

C66  2 

C*  72 

0 

6*  90 

7,  05 

e«  60 

69  20 

6.30 

7,70 

-.70 

-,7S 

-.90 

3.  83 

70GC 

C67  2 

C675 

0 

7 , 25 

7.3e 

9,  04 

6962 

6 p 74 

e,  25 

-.63 

-,64 

-.79 

3*  12 

70  AC 

C675 

C683 

0 

6 , 6 5 * 

6,57 

6*  £2 

59  97* 

6,  27 

7.65 

-,68 

-.70 

-,87 

30  55 

7 CGC 

C663 

C6  9 1 

0 

7 23 

7,30 

80  30 

60  61 

6,70 

7,56 

-0  62 

-,6  1 

74 

3 0 1 

7 0 Z E 

C691 

C700 

0 

7-  14 

7,  27 

80  95 

60  5 5 

60  66 

8,21 

-0  59 

-0  6 1 

* c 7 4 

3c  00 

70EB 

C7CC 

C705 

* 

7 20 

o 3 1 X 

o 3 1 X 

60  54 

0 3 1 X 

, 3 1 X 

-c  66 

, 00 

X 

0 00 

X 

3 24 

7CBF 

C7C5 

C707 

* 

4 c 99X 

5o  07  X 

60  39 X 

40  54X 

40  6 1 X 

5o  62X 

-0  45 

* 

— c 46 

« 

-c  57 

* 

2 81 

70SA 

C7C7 

C708A 

0 

7 60 

7,75 

90  52 

60  84 

6,57 

So  55 

— o 76 

“0  79 

-c  97 

3 72 

70B1 

C708A 

C70eB 

♦ 

1 20X 

1 c 22  X 

lo  4 3X 

lo  25X 

lo  27X 

1, 48X 

,05 

X 

, 05 

X 

0 05 

X 

9CX 

70  E £ 

C70eE 

C7  09 

0 

7c  60 

7,73 

90  50 

60  84 

60  55 

8,  54 

— 0 76 

-0  7 8 

-0  97 

3 68 

7CI£ 

C7C9 

C716 

0 

7 : 33 

7,40 

9c  21 

60  5 5 

6,60 

8,27 

-,  78 

-,  eo 

-c  94 

3 89 

7CZE 

C7  16 

C717A 

♦ 

7 18 

7,  50 

eQ  57 

6C  39 

6,67 

7,61 

-,79 

-0  82 

-0  96 

3 9e 

7C£F 

C7  1 7 A 

C7  17B 

♦ 

70  25 

7,57 

8C  69 

60  46 

6,74 

7,73 

-o  79 

-0  6 2 

-,55 

3 96 

7CSF 

C7  17E 

C7  1 8A 

0 

7 c 13 

7,45 

80  44 

60  4 2 

6,74 

7,  59 

-0  7 1 

-0  75 

-0  65 

3 62 

7CAC 

C7  18A 

C718B 

0 

6c  9 8 

7,34 

8C  27 

60  33 

6,  64 

7,50 

-,  66 

-0  70 

-0  77 

3 42 

70AC 

C7  18E 

C719C 

0 

7 10 

7,21 

8o  96 

60  40 

60  50 

8,07 

-0  70 

-0  7 1 

-0  6 9 

3 51 

70  KC 

C7  19C 

C72CA 

♦ 

7 04 

7,36 

8o  4 2 

60  49 

6,78 

7,78 

-,  55 

-0  58 

-0  64 

fi 

2 83 

70SF 

C720A 

C720B 

♦ 

7-01 

7,  33 

8o  40 

60  47 

6,76 

7,77 

-,  54 

-0  57 

-0  63 

« 

2 76 

70£F 

C72CE 

C723 

0 

7 07 

7,21 

8o  €7 

60  26 

60  38 

7o  84 

-,  82 

-0  S3 

- 1,  03 

4 1C 

7CME 

C723 

C724 

0 

7 33 

7,45 

50  20 

60  51 

606I 

8,  17 

-0  82 

-0  e4 

-1c  04 

4 07 

7C2A 

C724 

C72  5 

X 

8c  34X 

7C  46 

9C  34 

60  52 

6,  66 

8,22 

-1,  82 

X 

-0  e 1 

-1,  12 

23  1 3X 

7CK£ 

C725 

C726 

0 

7-  54 

7,66 

9C  57 

60  9 5 

7,  06 

8,81 

-,  59 

-,  55 

-,75 

2 84 

7 0 £ A 

C726 

C727A 

♦ 

7 12 

7,44 

80  53 

60  33 

6061 

7,57 

-0  79 

-0  e3 

— , 56 

4 02 

7 0£  F 

C727A 

C727B 

♦ 

7C  12 

7,44 

80  54 

60  41 

6,65 

7,66 

-c  7 l 

-0  7 5 

-0  88 

3-  67 

7C£F 

C727E 

C7  4 1 

0 

7 o 56 

7,67 

90  74 

60  8 1 

60  51 

8,76 

-0  75 

-0  76 

-c  9 8 

3c  65 

7CCE 

C74  1 

C74  2 

* 

1C  5c  19X 

110, 33X 

120o 45X 

940 16X 

98e  69X 

1 07, 65X 

-11,03 

X 

-1 lo64 

X 

-1  2,  8 0 

X 

9 3ex 

7CEB 

C742 

C748 

0 

7 22 

7,  35 

90  14 

60  6 0 

60  76 

80  35 

-0  63 

-0  63 

-0  75 

3C  09 

7CBE 

C748 

C74S 

0 

7 30 

7,67 

ec  67 

60  4 9 

6,  e2 

7,70 

-0  e2 

-0ee 

-0  97 

4-  07 

7CAC 

C749 

C752A 

0 

7c  20 

7,  33 

5c  C5 

6C  51 

60  62 

e,  is 

-0  70 

-0  7 1 

-,67 

3c  47 

7CEB 

C752A 

C752B 

0 

7 c 01 

7,  14 

8C  83 

60  26 

60  37 

70  88 

-0  75 

-,76 

-o  95 

3c  80 

7CBB 

C7S2E 

GEAND 

MEANS 

7*27 

7,41 

9,  10 

6#  54 

6.  67 

8«  18 

-.72 

*»7S 

-.92 

3,66 

SD  0F 

MEANS 

t 27 

,25 

• 41 

,25 

,25 

,38 

. 10 

« 1C 

. 13 

6 50 

INCLUDED  LAES  F€F  TBXS  MEAN 

81  81  81 


81  82 


81 


81  82  82 


82 
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1979- iseo 


REP6RT  NC  3i  MCCA  C6LLABeRATXVE  REFERENCE  PB0GSAM 

L,  a,  b SPACE  ANALYSIS,  NORMAL  DATA 

ceL0R  ♦ cetes  eiffesPnce 

FOR  PAINT  CHIPS 


LAB 

SAMPLE 

D 17 

SAMPLE 

Die 

DIFFERENCE  Die 

- D 1 7 

INST 

C0DE  F 

MEAN  L MEAN 

A MEAN  B 

MEAN  L MEAN 

A MEAN  E 

AL  A A 

AB 

AE 

C€EE  LAE 

Cl  2 1 

0 

53,  65 

31*90 

io* eox 

52®  85* 

32*70 

10.20X 

80 

* 

0 80 

60 

« 

1*  28 

7CBA 

C 1 2 1 

C 1 4 8 

0 

54,90 

31,75 

9*00 

54*  20 

32*45 

e«25 

-,70 

.70 

-.75 

1*24 

70BF 

ci4e 

C 1 5 2 

0 

55*25 

30*75 

9*  10 

54*6  5 

31*45 

e»40 

-.60 

.70 

-.70 

i#  ie 

7CBA 

C 1 52 

Cl  66 

0 

55,  00 

30*95 

9*05 

54*  30 

31*65 

8®  35 

-.70 

,70 

-.70 

1,21 

70BA 

C 1 66 

Cl  83 

0 

54,40 

31*65 

9*20 

53*70 

32*  35 

8.50 

-.70 

,70 

-.70 

U21 

70BA 

C 1 8 3 

C24  1 

0 

£5  25 

30o90 

90  40 

540  55 

3 1 o 55 

8075 

-o  70 

o 6 5 

-c  65 

i ie 

70BF 

C24  1 

C25S 

0 

55  20 

30c  35 

90  25 

54c  4 5 

310  05 

So  4 0 

-o  75 

o 7 C 

-o  85 

« 

1 33* 

7CBA 

C2S5 

C256A 

0 

£4  66 

3 1 c l 4 

90  C2 

540  02 

310  89 

8o  33 

-o  64 

o 74 

— o 6S 

1 20 

7 0 E C 

C256A 

C256B 

0 

5 £ 49 

3 1 o 47 

1 0o 15* 

54c79 

320  34 

So  53  4 

-o  70 

o 87 

-c  62 

i 2e 

7CBC 

C256E 

C28e 

0 

£4  70 

3 1 0 4 C 

9C  20 

54c  0 0 

32o  10 

8o  5 0 

— c 70 

o 7 C 

-c  7 0 

121 

70BW 

C2ee 

C291 

0 

54-70 

3 1 o 2 £ 

ec  €5 

S40  00 

31  o 95 

70  95 

-o  70 

o 70 

-o  7 0 

1 21 

7 0 B A 

C29  1 

C317 

0 

54  30 

31c  1 0 

8c  9 0 

530  7 0 

3 1 o e 0 

80  1 0 

-o  60 

o 7 0 

-o  eo 

1 22 

70BH 

03  17 

C32  5 

0 

54c  59 

30o59 

8o  39 

530  85 

31c  27 

70  7 1 

-o  74 

o 67 

-c  68 

121 

70BC 

C32S 

C356 

0 

53  49* 

31c  26 

8c  29 

520  86* 

3 1 o 93 

7o  59 

—o  63 

o 67 

-o  69 

1 15 

70  IC 

C356 

C380 

0 

55  00 

3 lo  95 

9c  20 

540  35 

320es 

80  50 

-o  65 

oS0 

* 

-o  70 

131 

7CBA 

C 3 80 

C382 

0 

55  00 

30c  70 

9o  20 

540  25 

3 1 o 45 

e0  55 

-o  75 

o 75 

-c  65 

1 24 

7CBA 

C382 

C390 

0 

54c  90 

31o  65 

8C  70 

540  30 

32  o 6 0 

7095 

-o  60 

o 75 

-o  75 

1 22 

7CBF 

C 3 9 0 

C402 

0 

54  71 

30o  99 

8o  77 

540  13 

3 1 o 69 

8o  03 

-o  58 

o 7 0 

— o 7 4 

i ie 

7 CB  A 

C4C2 

C420A 

0 

54  50 

3 10  5 0 

ec7o 

53c  8 0 

32o  25 

8o  0 0 

-o  70 

o 75 

-o  7 0 

1 24 

70  E F 

C42CA 

C42CB 

0 

54  45 

3 1 c 6 5 

8C  80 

530  9 0 

320  25 ; 

So  00 

-o  55 

» 

o 6 0 

-c  80 

1 14 

70BF 

C420E 

C427 

0 

55.  10 

310  60 

9C  30 

540  40 

3204S 

8o60 

-o  70 

o es 

-c  7 0 

1 30 

7 C B A 

C427 

C437 

e 

54-  35 

32o  69 

80ee 

530  72 

33o  44 
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EXPLANATION  OF  DATA  FOR  WHITE  SAMPLE  FOR  PAINT  CHIPS 


Specimens  of  a white  calibration  sample  (Paint  Chips)  were  distributed  to  the 
participants  along  with  the  usual  two  pairs  of  colored  specimens,  and  each 
participant  was  asked  to  return  measurement  data  for  the  white  calibration 
sample  (Paint  Chips),  reporting  results  in  the  same  manner  as  for  the  colored 
specimens. 

As  a first  step,  three  laboratories  were  selected  to  serve  as  "reference" 
laboratories  for  the  purposes  of  this  analysis  and  the  average  of  their 
X,  Y,  Z values  for  the  white  sample  were  computed.  Next,  the  ratios  of 
the  participants  data  to  the  combined  reference  laboratory  values  were 
calculated  for  each  participant  (transformed  to  X,  Y,  Z space  if  necessary). 
These  ratios  are  shown  in  the  White  Sample  Analysis  tables. 

Two  observations  can  be  made  about  the  data  in  the  White  Sample  Analysis 
tables.  First,  the  participants  as  a whole  tend  to  be  high  compared  with  the 
combined  average  values  obtained  by  the  selected  reference  laboratories. 
Second,  a few  participants  had  noticeably  extreme  values  for  one  or  more 
of  the  components  and  these  participants  especially  should  look  to  the  cause. 

Next,  the  ratios  in  the  White  Sample  Analysis  tables  were  used  to  "adjust" 
the  data  of  the  normal  data  tables  to  obtain  the  adjusted  data  table  values. 
The  adjustment  consisted  of  dividing  the  X,  Y,  Z values  of  the  normal  data 
tables  by  the  respective  ratios  in  the  White  Sample  Analysis  tables. 

The  significant  change  is  the  adjusted  data  tables  is  in  the  SD  OF  MEANS. 
Comparison  of  these  among-laboratory  standard  deviations  with  those  in 
the  normal  data  tables,  shows  considerable  reduction  for  X,  Y,  Z.  Thus 
part,  at  least,  of  the  disagreement  among  participants  is  due  to  errors  in 
standardization  that  could  be  corrected  through  use  of  an  agreed-upon  white 
standard.  There  is  no  similar  significant  change  for  AX,  aY,  and  aZ. 
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-oil 

-0  ie 

C42e 

lr OOTS 

Sr  0061 

So  oa  a a 

70S® 

0 75 

06I 

lo  11 

CA  A3 

8 0189 

1c  0 S 47 

B=C3B3 

7©ca 

Br  e© 

80  47 

3o  13 

CA  AA 

B - 012T 

1-  OBAC 

Bo  0 IS  1 

70GE 

127 

le  AO 

lo  21 

CA  A© 

999  B 

C 9984 

a0coio 

70QE 

— 09 

-0  16 

0 10 

C4SB 

ir  oo9e 

a - oaoe 

1 o 0062 

7QAC 

96 

i0oe 

0 62 

C453 

B- 0093 

Br  009 C 

BoCOTfi 

7QBT 

- 93 

e 9 C 

0 70 

C 459 

i = eooe 

a -o©i£ 

099ee 

7®OE 

-oe 

0 as 

-,12 

C4  60 

B-OCAS 

a-  eoss 

a- oosi 

70GE 

= AS 

0 55 

©si 

C462A 

1 = 0024 

a-  ooac 

io0i06 

70HB 

c 24 

0 ic 

Bo  06 

C463 

1 = 0 K 0 1 

i<  ooec 

icCise 

70DC 

1 - 01 

cOC 

1 0 56 

C467A 

a - 0067 

ir  ooes 

BoOBO© 

700E 

- 67 

0 05 

Bo  00 

C467B 

1- 0029 

lr  0019 

Bo  C094 

70HN 

- 29 

0 19 

0 9A 

C469 

1c  0191 

a- oaca 

lc  0309 

70€E 

a = ©a 

lo  ®B 

3,  09 

C470 

1-  OB  BO 

lr  01  10 

loOiee 

70S® 

1=  10 

lo  1C 

io  ee 

CA72 

B - 00C3 

c 999  6 

8 0 0049 

702© 

= 02 

— = 02 

0 A9 

CATS 

B-  00 A 1 

1c  0032 

lc  0034 

70DB 

- 41 

c 32 

c 34 

CATA 

a- oobo 

Bo  0014 

lo  C046 

70QE 

- 10 

0 14 

o 46 

C476 

i oose 

lr  0052 

1 = coes 

70SA 

- 5£ 

o52 

,es. 

CA79B 

lr C 179 

Bo  0162 

Bc  C220 

70CB 

1 79 

i0e< 

2o  28 

CA60 

ic  ooei 

lo  0042 

Bo  C&30 

70BE 

61 

= 42 

1 0 30 

C4BH 

1 0234 

- 9755 

lc  0053 

70BB 

2 34 

-2o  A2 

0 53 

CAe2 

- 99 A3 

- 9922 

c 9897 

70CC 

- 57 

*068 

-lo  03 

C4  83 

- 9 £35 

r 9e22 

= 9879 

70ZF 

-B  65 

- 1 = 7C 

-lo  2 1 

C499C 

1- 0276 

lr  0260 

1 0 C302 

70BL 

2 76 

So  © C 

3o02 

C503 

a - oi7  a 

1 - 0161 

lo 0241 

70GE 

a-  7a 

1=61 

2o  41 

CS08 

lr 0044 

ir  oo4e 

lc  C 062 

TOOE 

- 44 

0 A€ 

0 62 

C51B 

1 : 0022 

1 = 0029 

lo  C066 

7 ODB 

- 36 

0 29 

066 

C512 

1 r 01C9 

lc  01  It 

1 = C021 

70  AC 

1-  09 

lo  It 

= 21 

C51AB 

- 9628 

lr  0156 

r 9262 

708P 

-1-  ©2 

lc  56 

-6,  10 

C52S  A 

1 0170 

lc  0165 

1 C333 

70CA 

1 70 

lc  *5 

3o  33 

C521B 

B 0222 

lr  021  1 

1-  0334 

708A 

2C  22 

2o  1 1 

3o  34 

C526 

99  OC 

c 9946 

r 979  B 

70DB 

-1-  OC 

-06A 

—2©  09 

C£2e 

- 9637 

r 9851 

0 977 6 

70BBJD 

-1  63 

— le  A9 

-2=22 

C529 

; 9685 

c 9922 

c 9255 

70DB 

-3-  15 

-07e 

—7©  45 

CS  32 

Br  OC 9 A 

lr 0105 

lo  086 1 

70GE 

= 94 

lo  OS 

I06I 

CS34 

r 9012 

r 9656 

0 9321 

70MD 

-a©  ee 

-Bo  AA 

-lo  79 

C53© 

9753 

lo  0079 

0 9062 

70AC 

-2c  47 

o79 

-«o  37 

CS40 

BrOiei 

lr  OltC 

1 0 C 8 9 0 

700  E 

lr  61 

lo  * C 

1 0 90 

C5A5 

9676 

C 96C2 

- 9730 

TOGE 

-3  24 

-30  ae 

-2o  7 0 

C549 

lr  0073 

B>  0054 

1 = C09I 

7 ODB 

- 73 

o5« 

0 9 1 

C5S2 

9969 

e 9951 

lo  0045 

70BN 

--  31 

-0  A 9 

, 45 

C612 

9726 

1 006  C 

= 9154 

70SP 

-2-  64 

06Q 

-8-  46 

C613 

1 0 19© 

1-020  5 

1-0221 

70MB 

1 = 9£ 

2=  05 

2,  21 

C627 

9943 

- 9923 

- 9945 

70ZE 

--  37 

-o*7 

-,56 

C63C 

B - 0C27 

1-  00  12 

lc  OC  97 

70E6 

27 

0 12 

-)  97 

C621 

a oiee 

1 0104 

1=0075 

7©AC 

i-  ©e 

1 0 0 4 

= 75 

C632 

a oos  c 

lc  006* 

1- 0050 

toac 

90 

•»  85 

0 SO 

ct2e 

9944 

©942 

r 9952 

70SA 

- 56 

-r  57 

—0  4 £ 

C639 

. 9944 

- 9925 

o 9967 

70D3 

- 56 

— o 6 E 

-c  33 

C644 

a - 0014 

1.002C 

c 9966 

70MD 

- 14 

0 3 C 

-0  34 

C©AS 

a - 0109 

Br  0107 

Br  006  1 

TOAC 

1 09 

1=  07 

= 61 

Ct  56 

lr  0093 

1,0079 

1, Cl  13 

70SA 

93 

c 7 9 

lr  13 

CCS7 

97ea 

B - 0094 

0 9246 

70AC 

-2-  89 

r 94 

-7,  £4 

C662 

9714 

r 9962 

= 9236 

70SP 

-2-  £6 

-o3e 

-7r  62 

C 672 

8 ©C  25 

Br  00  1C 

0 997  B 

7©OC 

- 25 

0 ic 

-0  29 

C67S 

a es  13 

Br  01  12 

1-0076 

TOAC 

1-  83 

80  12 

,7e 

C663 

i oaee 

8 0158 

a r c©9c 

70GC 

lr©6 

lc  S 1 

,90 

C691 

9964 

r 9922 

c 9996 

702B 

- 36 

— r 7 € 

— 0 04 

C700 

r 9969 

r 996  6 

< 9959 

70DH 

--  31 

-0  32 

— ©41 

CTOS 

B 0326 

- 0034 

r 0031 

7 OB  IP 

2-  26 

-99r  66 

-99r  ©9 

C7C7 

£042 

e027 

O £045 

70SA 

- 19  - 57 

- 8 9c  6 2 

-19=  55 

CTOeA 

9£4  9 

r 9641 

o 9C27 

TOBY 

-r  91 

- . 59 

-1  = 73 

C7O0B 

0024 

0025 

= 0027 

7©SE 

-99  76 

-99,.  7 5 

-99=73 

C7C9 

8 OC  25 

1 00  24 

i=0C3e 

70KS 

25 

c 24 

.,  28 

C7  a© 

a, coci 

r 9977 

lo  C049 

70ZE 

- 01 

-0  22 

0 49 

C717A 

- 975e 

lr  0004 

c 929  6 

70SP 

-2-  42 

0 04 

-7 0 02 

C787B 

9755 

r 9997 

r 93C6 

708P 

-2-  45 

-r  02 

-6=  94 

C716A 

- 9eoc 

a = o i c 9 

= 9273 

TOAC 

•2  00 

lr  f 9 
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9£C£ 
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c 92e4 

TOAC 

-1  96 

loOe 

-7=  16 

C719C 

97  17 

- 9692 

9 96  1 C 

TOKC 

-2  e2 

-3=  © 7 

-fl=  9© 

C7  2CA 

«727 

- 997C 

0 9270 

70SP 

-2-72 

— © 3C 

-7,  20 

C72CB 

97  C 9 

- 9952 

- 9264 

70S  P 

-2-  93 

*o«f 

-7,26 

C723 

9et  8 

■ se7i 

->  976© 

70MB 

-1  29 

— 1 ■»  29 

-2=  20 

C72A 

8 0C41 

lr 0027 

lr 0063 

70Z  A 

41 

0 27 

r 63 

C725 

r «eee 

= 9668 

9 9652 

70KE 

-1  - 44 

- 1©  32 

-lo  48 

C726 

1 0B4e 

1 0125 

lo C225 

70S  A 

1-  46 

8,3“ 

2o  25 

C72TA 

9727 

« 9972 

r 9273 

70SP 

-2-  72 

— , 27 

•7  a 27 

C727B 

97  15 

<■  9957 

- 9263 

70SF 

-2  e« 

-.  «2 

-7  37 

C741 

8 CC  £ 1 

1- C072 

1-00  66 

70C  E 

- e a 

,72 

D ee 

C742 

- 9702 

r 9922 

; 9221 

70DB 

-2  96 

-r  67 

-7069 

C7  A £ 

1 CC  24 

1 - 0022 

1=  Cl  16 

70BE 

, 34 

0 22 

lr  16 

C7  49 

r 9754 

1 006C 

c 9234 

TOAC 

-2  46 

0 © C 

-7=66 

C752A 

9976 

9976 

2=0026 

7OB0 

- 22 

-C  2 4 

= 26 

C**52B 

B 0023 

1,  0016 

lr CC7 2 

7000 

- 22 
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31  MCCA  C8LLAECPATIVE  EEFEEEKCE  PECOEAP 

WHITE  SAMPLE  ANALYSIS  FOR  PAINT  CHIPS 
L,  a,  b LABORATORIES 


LAB 

FAT 10- 

-(LAE/CCMBINED  ) 

INST 

PEHCENT 

FROM  CekBINED 

CODE 

X 

Y 

Z 

CODE 

X 

Y 

Z 

Cl  21 

,9e97 

,9870 

,9978 

70HA 

-1,  03 

-1,  30 

-•22 

C 148 

4995e 

, 9943 

1,0022 

70HF 

-.42 

-,57 

,22 

C 1 52 

*9982 

,9964 

1, 0066 

70H  A 

-»  26 

. 66 

Cl  66 

.9903 

,9  89  1 

1,0038 

70HA 

-,97 

-1,09 

. 38 

cie3 

t 9864 

,9849 

,9919 

70HA 

-1,36 

-1,  51 

-.81 

C24  1 

9922 

9901 

1 o 0025 

70BF 

- 78 

-,  99 

c 25 

C255 

9930 

o 9911 

o 9998 

70HA 

- 70 

-,  e9 

-,  02 

C256A 

9854 

, 9832 

c 9938 

70SC 

-1  46 

- lo  6 6 

•o  62 

C256B 

9883 

,9e77 

o 9e97 

70HU 

-117 

-1,  23 

-1,03 

C288 

9867 

c 9849 

o 9949 

70HU 

-lo  33 

-1,  51 

-,  5 1 

C 29 1 

9e97 

c 9 89  1 

o 9969 

70H  A 

-1  03 

-1,  09 

-,  31 

C317 

9821 

c 9797 

o see  l 

70HM 

-lc  79 

-2,03 

-lc  19 

C225 

9957 

, 9925 

lo  0017 

70HC 

- 43 

-,  7 5 

o 17 

C356 

1 r-  00  99 

lo  0 104 

loOl  17 

70IC 

99 

lo  04 

1,  17 

C380 

o 9888 

o987C 

o 9963 

70HA 

-1-  12 

-1,30 

37 

C382 

c 9903 

c9e91 

,9976 

70HA 

- 97 

-1,  09 

-,  24 

C390 

c 9946 

0 9922 

lc  0016 

70HF 

— 54 

-,78 

, 16 

C402 

9886 

c 9 87  C 

,9961 

70BA 

-114 

- lo  3 0 

-,  39 

C420A 

r 9963 

c 9932 

, 9996 

70BF 

— 37 

-,6  8 

-o  04 

C420B 

o 99  84 

c 9953 

1,00  17 

70BF 

- 16 

-,47 

o 17 

C427 

c 9925 

o 9901 

, 9933 

70BA 

- 75 

-o  9 9 

-,  67 

C4  37 

9819 

c 9810 

,9824 

70GD 

-1  81 

-lo  90 

-1,76 

C440 

lc  0030 

o 9998 

1,0075 

70BA 

c 30 

— , 0 2 

, 75 

C442 

9861 

o9e49 

o 9949 

70HM 

-1  39 

-1,51 

-c  51 

C4  54 

1 0023 

999  1 

loOl  16 

70HA 

: 23 

-,  09 

1,  16 

C45e 

c 9878 

c 9854 

o 9969 

70HM 

-1  22 

— lo  46 

-,  31 

C475 

o997e 

c 994  1 

1,  0072 

70HA 

- 22 

-,  5 9 

,72 

C477 

c 950  1 

o 9427 

,9293 

70BA 

-4.  99 

-5,73 

-7o  07 

C494 

9501 

- 9427 

o 9293 

70HA 

-4  - 99 

-5,  73 

-7,  07 

C496B 

lr 0096 

lc  0089 

1,01  17 

70GP 

, 96 

o 89 

l,  17 

C499A 

c 994  0 

o 9922 

1,  C02  1 

70HA 

— 60 

-,  7 € 

,31 

C499B 

c 9940 

o 9922 

1,0001 

70HA 

-•  60 

-o  7 6 

,01 

C506 

- 9955 

c 9943 

lo  0053 

70H  A 

— 45 

-,  57 

, 53 

C514A 

9800 

o 9789 

o 98  15 

70SK 

-2  00 

-2,  1 1 

-lo  85 

C517 

1 0194 

lc  0 163 

1,0215 

70HQ 

1-  94 

lo  63 

2,  IS 

C538 

- 9695 

o 9725 

, 9739 

70GX 

-3c  05 

-2,75 

-2,61 

C541 

9934 

lc  0026 

1,  0076 

70GP 

- 66 

,26 

o 76 

C546A 

9852 

o 9828 

,9943 

70  BM 

-1  46 

-1,72 

-o  57 

C546B 

r 9919 

c 990  l 

, 9941 

70HG 

-c  8 1 

-,  99 

-,  59 

C547 

9eeo 

o 9 856 

,9931 

70HQ 

-1-20 

* 

0 

1 

-,  69 

C574 

1 r 0470 

lc  0322 

Io03e5 

70HQ 

4o70 

3o  2 2 

3,  85 

C576 

- 9799 

o 9777 

,9918 

70B0 

-2,  0 1 

-2,  23 

-o62 

C600 

c 9894 

o 9 870 

o 9940 

70GD 

-1,06 

-1,  30 

-o  60 

C619 

c 9951 

c 9932 

o 9988 

70  HQ 

-,  49 

-,6  8 

-,  12 

C620 

c 94  26 

c 9435 

, 9352 

70MG 

-5:  74 

-5,  6 5 

-6o  48 

C633 

9902 

o 9884 

o 9998 

70  HA 

- 96 

-1,16 

-,  02 

C655 

9962 

c 9956 

o 9925 

70HU 

-,  38 

-,  44 

-,  75 

C677 

1 0333 

lo  0305 

lo  0444 

70SC 

3,  33 

30  05 

40  44 

C690 

c 9860 

o 9839 

o 9923 

70HM 

-lo  40 

- 1 o 8 l 

-o  77 

C719A 

lo  0102 

lo  0089 

lo  C272 

70HA 

lo  02 

0 0 9 

2o  72 

C719B 

: 9952 

o 9922 

lo  0085 

70H  A 

-,  48 

-o  7 8 

o es 

C75  0 

c 9737 

c 9932 

lo  1702 

70IC 

-2  63 

-,  6 6 

o 

o 

rv> 

15 


PEPCST  lie-  31  MCCA  CeiLABeSATI'VE  SEFESEKCE  FB0GEAH  1979-1980 

X,  Y,  Z SPACE  ANALYSIS,  ADJUSTED  DATA 
COJ.OE  « C0I.eS  EIFFEBENCE 
FOR  PAINT  CHIPS 


LAB 

fcAMFLE 

D 1 7 

SAMPLE 

D18 

DIFFERENCE  LIB  - 

D 1 7 

INST 

C0DE  F 

MEAN  X MEAN 

Y MEAN  Z 

MEAN  X MEAN 

¥ MEAN  Z 

AX  AY 

AZ 

AE 

C0DE  LAE 

Cl  57 

0 

39©  22 

30$  50 

2?e  £3 

38®  67 

29,76 

27,33 

- , 55 

-o74 

-p  2 1 

3.  30 

70GI 

C 1 57 

C 1 62 

e 

40. 81  * 

3 1 9 66* 

26499 

40*32* 

30,960 

26,92 

49 

-.70 

"o  07 

3©  2 0 

70EC 

C 1 6 2 

C2  51 

6 

39*  38 

29,67 

26©  £3 

30®  73 

28,  88 

26,29 

-.66 

-4  80 

-a  24 

30  3 C 

70ZE 

€2  5 1 

€252 

ft 

3e0  7i 

29®  59 

27,  02 

38©  13 

28,  89 

26,94 

-.58 

-.70 

-®  09 

2 *77 

70S. 

C252 

C27  e 

G 

370  44* 

29©  55 

25,  50X 

36©  66* 

28,72 

25„25X 

-.78 

-.83 

-.24 

2,  57 

7CNE 

C278 

C AO  7 

0 

39c  63 

30o  85 

270  e3 

39o09 

30  o 13 

27,71 

-o  54 

-o  7 1 

-o  11 

2.  99 

70EI 

C407 

C4  14 

G 

39  74 

3©0  46 

26o  £0 

390  30 

29086 

26,77 

-o  43 

•o61 

-o  03 

2 78 

7CNI 

C4  14 

C4  16A 

G 

35  05X 

27c 9 IX 

27c  2 I 

34c  36X 

27, 18X 

27,09 

-o  69 

-o  7 3 

— c 12 

2-  35 

7CIE 

€4  16A 

C4  16B 

G 

35  39X 

28o  2 2 X 

27,  £4 

3406eX 

27  o 4 IX 

27o  34 

-,71 

-o  € l 

-o  15 

2 82 

7CGE 

C4  16E 

C4  17B 

G 

38-  82 

290  e4 

26,90 

380  20 

29o  08 

26,76 

-o  6 1 

-o  7 6 

-o  14 

3 12 

7CBN 

C4  17E 

C4  ie 

G 

39c  43 

3©o  74 

27o  1 7 

380  86 

30o  03 

27,02 

-o  55 

-O  70 

-c  15 

2C  91 

70CE 

€418 

C422 

6 

38  29 

290  17 

260  £4 

37®  7 8 

28,  El 

260  48 

-o  51 

-066 

-o  06 

2 85 

7CGC 

C422 

C424 

0 

39  45 

30o67 

28o 20o 

386  91 

29o  95 

280  08o 

54 

-o  7 2 

-o  11 

3 04 

70CJ 

C424 

C428 

e 

39  17 

30o  C7 

260  96 

380  60 

29038 

26,91 

-o  57 

-o  7 C 

-c  05 

2 76 

7CBE 

C42e 

C443 

e 

39-39 

30c  49 

26o  7 1 

39o  27 

30o  IS 

26o  96 

-o  12 

X 

-o  3 8 

X 

c 2 5 

* 

2 72 

70CN 

C 4 4 3 

C444 

e 

38.  93 

30c  06 

270  33 

380  7 5 

29,70 

270  57 

-o  18 

X 

-,36 

X 

c 24 

* 

2 12* 

70GE 

C444 

C446 

e 

39  C4 

30o  12 

28,  0 1 

38067 

29,75 

28, 170 

18 

X 

-o  37 

X 

c 15 

2 23* 

7CGE 

C446 

C451 

0 

40-07 

30o6e 

26o  5 1 

39072 

30,  17 

26,63 

-o  34 

« 

-o  5 1 

* 

c 11 

2 47 

70AC 

C45  1 

€452 

0 

39  66 

3©o  39 

270  ec 

390  36 

290  9 1 

270  13 

30 

* 

-,  4 £ 

* 

o 13 

2 46 

70BI 

C452 

C4  59 

0 

36-73 

29c92 

27,  36 

380  22 

29,  22 

27,  26 

-,51 

-o  70 

-c  1 1 

2 20 

70GE 

C459 

C46C 

0 

38  ee 

29097 

26o9  1 

380  ©5 

290  00 

26o  53 

-o  83 

-o  97 

* 

-c  39 

3 73 

70GE 

C46C 

C462A 

0 

38  96 

30c  02 

26c  82 

380  46 

290  42 

26,82 

-o  50 

-o6C 

c 00 

2 30 

7 OBE 

C462A 

€462 

0 

39c6C 

30o  42 

260  70 

390  1 1 

29o  SO 

26,71 

-,  50 

-o  6 2 

o 01 

2 45 

7crc 

C462 

C467A 

0 

38-65 

29c  9 1 

29, 10X 

380  16 

29o  29 

29o  05X 

-,  49 

-o62 

-o  05 

2 54 

70GE 

C467A 

.C467B 

0 

38  c 75 

290  83 

26,  6 5 

38027 

29o  20 

260  67 

-o  48 

-o  62 

o 02 

2 66 

70BN 

C467E 
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COLOR  ♦ ceieF  II FFE  BENCE 

FOR  PAINT  CHIPS 


LAB 

SAMPLE 

D 1 7 

SAMPLE 

Die 

DIFFERENCE  DIE 

- D 17 

INST 

CODE 

F MEAN  X MEAN 

Y MEAN  Z 

MEAN  X MEAN 

Y MEAN  Z 

AX  AY 

AZ 

AE  CODE  LAE 

C657 

6 

39,  62 

30*09 

26,6  5 

39.01 

29,37 

26,51 

6 0 

-*7  2 

-.14 

2 4 e« 

7 0 AC 

C6S7 

C662 

♦ 

35*48 

30*  00 

26,  67 

38,91 

29,31 

26,77 

57 

-.70 

-,  10 

2.60 

70SF 

C66  2 

C67  2 

0 

38  » 56 

29*67 

26, 7e 

37.87 

28,  8 2 

26,58 

-.70 

-.85 

-.20 

3.3? 

70GC 

C672 

C675 

0 

39,  36 

30*  2e 

26,  6 4 

38,68 

29,47 

26,40 

-.67 

-,ei 

-,  24 

2.  14 

70  AC 

C675 

C683 

0 

37  * 16* 

28*  05  X 

24, SOX 

36,44* 

27.22X 

24,70 X 

-.72 

-,e3 

-,  20 

2*21 

70GC 

C6  6 2 

C69  1 

0 

38  82 

29o  40 

260  62 

38,  12 

280  64 

26o  44 

-o  7 0 

-o  76 

-o  19 

2 64 

70ZE 

C691 

C70C 

0 

39c  59 

30o47 

26c  96 

38,98 

29o  70 

260  77 

-c  61 

-o  76 

-o  19 

3 10 

7CDB 

C7C0 

C7C5 

» 

29  18X 

1 160  405 

1 00,41* 

28o  37X 

1 16o  40X 

1 00o  4 1 X 

-o  81 

o CO 

5 

c 00 

2 35 

7CBF 

C7C5 

C70? 

H 

34-  7 1 X 

260 105 

22o 95X 

340  23X 

25o  49X 

22o 85X 

-o  48 

-o  6 0 

-o  10 

2 76 

70S  A 

C7C7 

C70  8A 

0 

42  9 1 X 

330  40  5 

27o  9 3 

42o  4 1 X 

32o  7 1 X 

27c  91 

-o  50 

-o6S 

-,  02 

2 91 

70  ET 

C7C8A 

C708B 

♦ 

187  60X 

31 lo  eix 

326c 66X 

1 87o  60X 

31 5o  74X 

336o 86X 

o 00  X 

3,92 

5 

,00 

«««««5 

70SS 

C7C8E 

C709 

0 

39  - 05 

29-  94 

26,  67 

380  4 3 

29o  18 

26,53 

-,  62 

— o 7 6 

-c  14 

3 00 

7CKS 

C7C9 

C716 

0 

37-81 

29-77 

26o  67 

37o  26 

29o  07 

26o  68 

-o  55 

-o  70 

,00 

2 84 

7CZE 

C7  16 

C717A 

♦ 

40  03 

30o51 

26c  75 

39o  52 

29o  €4 

26o  67 

-o  51 

-o  67 

-,oe 

2-  94 

7CSP 

C7  17A 

C717B 

♦ 

40  C2 

30o52 

26o98 

39o  38 

29,74 

26c  77 

-,  64 

-07e 

-o  20 

3 12 

7CSF 

C7  17E 

C7  18A 

0 

39-  96 

30o  38 

260  73 

39o  2 1 

290  53 

26o  4 8 

-o  75 

-o  86 

-c  26 

3 14 

70  AC 

C7ieA 

C71  £B 

0 

39-  75 

30o  19 

26o  57 

39c  03 

29o  35 

26c  35 

“o  72 

-o  8 4 

-c  23 

3 16 

7CAC 

C7  18E 

C71SC 

0 

38-  80 

29 o 55 

26o  77 

38o  19 

280  80 

26o  66 

-o  62 

-o  7 5 

-o  11 

3t  00 

7CXC 

C7  15C 

C72CA 

♦ 

39-  83 

30o32 

26o  «8 

390  0 5 

29o  42 

26,6  4 

-o  78 

-,9C 

-o  34 

3 36 

70SF 

C72CA 

C720B 

♦ 

39  86 

3C037 

26o  92 

39c  12 

29o  48 

26o  60 

-o  76 

-o  ee 

-,  32 

3 39 

70SF 

C72CE 

C7  23 

0 

40c  15 

30o  65 

270  C6 

39c  41 

29c  97 

26o  77 

-,74 

-o  8 8 

-c  29 

3 39 

7CMI 

C722 

C724 

0 

39o  26 

30o  41 

27o  76 

380  5 6 

290  85 

27o  47 

-o  70 

-o  86 

-e  29 

3 39 

7CZA 

C724 

C725 

0 

39c  14 

30c  22 

26c  71 

38o  6 5 

29o  50 

26o  98 

-o  49 

-o  7 1 

, 27  * 

3 42 

7CKS 

C725 

C726 

0 

4C-62 

3 1 o 3 C 

27o  28 

400  02 

30o  5 1 

27o  26 

-o  60 

-o  78 

-o  12 

3 3 C 

7CSA 

C7  26 

C727A 

♦ 

39-65 

30o  17 

26,69 

3So  23 

25o  89 

26o  75 

-,  42 

-ose 

c 06 

2 61 

7CSF 

C727A 

C727B 

♦ 

39c  69 

30c  22 

26,  79 

39o  20 

29o  87 

26,76 

-o  49 

-o  6 5 

-c  03 

2 85 

7CSF 

C727E 

C74  1 

0 

38c  9 8 

29o90 

27,  C9 

38o  46 

29o  22 

2e0  04* 

-o  52 

-o  68 

o 95  X 

4c  03* 

7CCE 

C7  41 

C742 

* 

40c  55 

30o6e 

260  69 

40o  06 

30o  05 

260  68 

— o 49 

-o  63 

-c  01 

2 67 

7CEB 

C742 

C74e 

0 

38c  88 

290  9 4 

260  ee 

38o  26 

2So  20 

26,77 

-o  62 

-o  7 4 

-,  12 

2 79 

7CBE 

C74e 

C749 

0 

4C-  05 

30o  4 1 

26o  e3 

390  17 

29o  45 

26o  4 1 

-o  88  « 

-ose 

« 

— c 42 

3 41 

70AC 

C749 

C752A 

0 

39-  27 

30o  44 

27o  26 

38,60 

29o  62 

26o  99 

-o  67 

-c  82 

-c  27 

3 31 

7 0DB 

C752A 

C752B 

0 

3ec73 

290  86 

26,  67 

38c  05 

29o08 

26o  51 

-o  68 

-o  7 8 

-c  15 

2 e2 

7CEN 

C752E 

GRAND  MEANS 

39,26  30.24  27, C 7 

SD  OF  MEANS 

,74  ,84  .48 

INCLUDED  LAES  Fep  THIS  MEAN 

79  78  76 


38,67  29, £0 

477  ,£5 

79  7e 


26,95 

,50 

76 


► 75 


, 1C 


79 


79 


-.14  3,02 


17 


1579- iseo 
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-o  62 

-lo  04 

4 0 1 

7 C AC 

€63  1 

C622 

0 

7 31 

7o  45 

90  19 

60  6 1 

6c74 

8031 

-o  70 

-o  7 1 

-o  ee 

3t  44 

7 0 AC 

C622 

C63e 

0 

7 24 

7,  44 

90  C4 

6c  54 

6064 

8o  14 

-o  70 

-o  eo 

-o  9 0 

4 22 

70S  A 

C628 

C639 

0 

7 34 

7c  47 

90  2 1 

60  70 

6o  e2 

804  1 

-o  63 

-o  € E 

-o  eo 

2 17 

7CEB 

C629 

C644 

0 

6 87 

60  92 

e0  ^3* 

60  37 

60  41 

70  80 

-o  50 

* 

-oEl 

* 

-c  63 

* 

2 58* 

7 CM  I 

C644 

C645 

0 

7 23 

70  36 

90  C5 

60  58 
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MCCA  COLL/.EfRATIVE  REFERENCE  PROGRAM 

X,  Y,  Z SPACE  ANALYSIS,  ADJUSTED  DATA 

COLOR  ♦ ceieR  difference 

FOR  PAINT  CHIPS 
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C708B 

♦ 
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6o  82 

6,94 

8,51 

C7  16 

0 

7 33 

7,42 

9,  16 

60  55 

6,62 

8,23 
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70 S F C717A 
7CSE  C717E 

7 0 AC  C718A 
7 0 AC  C718E 
7CKC  C719C 
70S  F C720A 
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FEFflBT  31  UCCA  C«ll.  AE  eK  AT  I VB  REFERENCE  FB6GBAN  1979- I960 

L,  a,  b SPACE  ANALYSIS,  ADJUSTED  DATA 
CflL6E  • C6I8R  IIFFERINCE 

FOR  PAINT  CHIPS 
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7CBA 
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C44  2 

G 
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7CBA 
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o 7 1 
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e 
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o 7 8 
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G 
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55o  42* 
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o 7 1 
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G 
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S083« 
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-o  75 
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X 
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32cC9 

6o  S 1 
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REPORT  Kec  31  MCCA  COLLABORATIVE  REFERENCE  PROGRAM  1979-19e0 

L,  a,  b SPACE  ANALYSIS,  ADJUSTED  DATA 

COLOR  * COLOR  DIFFERENCE 

FOR  PAINT  CHIPS 


LAB 

SAMPLE 

E 19 

SAMPLE 

DEO 

DIFFERENCE  E20  - 

D 15 

INST 

CODE  F 

MEAN  L MEAN 

A MEAN  E 

MEAN  L MEAN 
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AL  AA 

AE 

AE  CODE  LAE 

C 1 2 1 
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i. 

51 

70BA 

C 1 63 

C241 

6 

27c  24 

o is 

-c  46 

250  58 

o 20 

•o  37 

-lo  66 
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NOTES  ON  NBS  REFLECTANCE  VALUES 


The  tables  on  page  23  of  this  report  contain  absolute  reflectance 
values  measured  at  40  wavelengths  (380-770  nm)  and  tri stimulus 
values  for  three  of  the  five  samples  covered  by  this  report. 

The  measurements  were  performed  by  the  Radiometric  Physics  Division 
of  the  National  Bureau  of  Standards. 

These  values  represent  state-of-the-art  color  measurements  on  a 
single  specimen  of  each  sample.  Thus  the  results  give  an  accurate 
picture  of  the  values  for  single  specimens  and  are  not  an  accurate 
measure  of  the  whole  sample  population.  Participants  should  be 
aware  of  this  concept  when  comparing  their  measurements  to  these 
NBS  values. 
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NBS  VALUES  FOP  '"PEC7RAL  REFLECTANCE 


45/0  RET  EC 7 AN  T_  FACTOR 


Samples  017, 

019.  W2Q 

ENGTH  (nm) 

D17 

019 

W2Q 

38G 

. 1 1 29 

. 0560 

. 1 J 1 1 

390 

.1727 

. 0663 

.2254 

400 

. 2409 

.0744 

.4391 

4)0 

. 2605 

.0766 

.7034 

420 

.2520 

.0767 

.8433 

430 

.2423 

.0765 

.8778 

440 

.2384 

.0763 

.8859 

450 

.2337 

.0760 

,8910 

460 

.2304 

.0756 

.8961 

470 

.2312 

.0751 

.8996 

480 

.2242 

.0748 

.9051 

490 

.2074 

.0744 

.9064 

500 

.1981 

.0741 

.9093 

510 

.1976 

.0737 

.9112 

520 

.1884 

.0735 

.9126 

530 

.1772 

.0731 

.9143 

540 

.1802 

.0729 

.9153 

550 

.2067 

.0727 

.9157 

560 

.2398 

.0727 

.9159 

570 

.2611 

.0729 

.9165 

580 

.3318 

.0731 

.9172 

590 

.4586 

.0730 

.9175 

600 

.5554 

.0728 

.9168 

610 

.5984 

.0724 

.9164 

620 

.6138 

.0721 

.9164 

630 

.6188 

.0717 

.9181 

640 

.6196 

.0712 

.9156 

650 

.6191 

.0709 

,9164 

660 

.6180 

.0705 

.9147 

670 

.6168 

.0702 

.9104 

680 

.6155 

.0698 

.9119 

690 

.6142 

.0695 

.9166 

700 

.6130 

.0693 

.9149 

710 

.6116 

.0689 

.9178 

720 

.6098 

.0686 

.9145 

730 

.6085 

.0683 

.9145 

740 

.6075 

.0679 

.9141 

750 

.6061 

.0677 

.9137 

760 

.6049 

.0675 

.9154 

770 

.6034 

.0672 

.9158 

SAMPLES  D17,  D19, 

W20 

X,  Y,  Z SPACE 

D17 

D19 

W20 

X 

39.59 

7.12 

89.16 

Y 

30.55 

7.25 

91.44 

Z 

27.32 

8.88 

104.65 

L,  a,  b SPACE 

D17 

D19 

W20 

L 

55.27 

26.93 

95.62 

a 

31.13 

.08 

-.91 

b 

9.38 

-.71 

2.05 

UNCORRECTED  REFLECTANCE  (PERCENT) 


SPECTROPHOTOMETRIC  CURVES  OF  COLOR  AND  COLOR 
DIFFERENCE  FOR  PAINT  CHIPS  NO.  31  SAMPLES 
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Notes  on  Specific  Laboratory  Results  for  Near  White  Papers 


C285  - Specular  component  excluded 

C662,  C717A,  C717B,  - Used  illuminant  D65 

C720A,  C720B,  C727A 
C727B 
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REPORT  Kec  31 


MCCA  COLLABORATIVE  REFERENCE  PROGRAM 

X,  Y.  Z SPACE  ANALYSIS,  NORMAL  DATA 

COLOR  -COLOR  DIFFERENCE 

FOR  NEAR  WHITE  PAPERS 


1979-I9e0 


LAB 

SANFLE 

P05 

SAMPLE 

P06 

DIFFERENCE  F06  - 

P05 

INS! 

Cf'DE  F 

MEAN  X MEAN 

Y MEAN  Z 

MEAN  X MEAN 

T MEAN  Z 

AX  AY 

AZ 

AE  CODE  LAB 

Cl  62 

g 

64o 10* 

85.58* 

97.69» 

83. 5 1 X 

85.03X 

96*46* 

•.59 

-.55 

-1.23 

o 95 

71EC 

C 1 62 

C2  44 

G 

8 1 o 37 

82.95 

93.94 

80.58 

82.22 

92*32 

-.79 

-.73 

-1.62 

1.25 

7 1ZE 

C244 

C313 

g 

82o  16 

83.65 

9S.07 

81.24 

82.71 

92*72 

-.92 

-.93 

-2.35 

2.  15 

71ZE 

C313 

C446 

G 

ei.57 

83.39 

94.37 

81.00 

82.83 

93*4e 

57 

-.56 

-.89 

o 70 

7 ICE 

C446 

C662 

♦ 

79c49 

83.  2 e 

87. 45* 

78.98* 

82.77 

06*40* 

-.51 

-.50 

-1.05 

,91 

71SF 

C662 

C71fc 

0 

81o23 

e3o06 

94024 

80.70 

82.40 

92*93 

-.53 

-.66 

- 1©  3 1 

lo  SS 

71ZE 

C7  16 

C717A 

♦ 

79o  63 

83.34 

87.72. 

79o  1 1* 

82.  86 

06*53* 

-.52 

-.48 

-1.  19 

1.02 

7 1 EP 

C717A 

C71  7B 

♦ 

79098 

83.72 

88.  C8« 

79.37 

83.  13 

66*92 

-.62 
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REF6R1  be0  31  MCCA  CeLLAECEATIVE  REFERENCE  PROGRAM 

L,  a,  b SPACE  ANALYSIS,  NORMAL  DATA 

COLOR  • COLOR  DIFFERENCE 

FOR  NEAR  WHITE  PAPERS 


1979- 1980 
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EXPLANATION  OF  DATA  FOR  WHITE  SAMPLE  FOR  NEAR  WHITE  PAPERS 


Specimens  of  a white  calibration  sample  (Paint  Chips)  were  distributed  to  the 
participants  along  with  the  two  sets  of  eight  near  white  papers,  and  each 
participant  was  asked  to  return  measurement  data  for  the  white  calibration 
sample  (Paint  Chips),  reporting  results  in  the  same  manner  as  for  the  near 
white  papers. 

As  a first  step,  three  laboratories  were  selected  to  serve  as  "reference" 
laboratories  for  the  purposes  of  this  analysis  and  the  average  of  their 
X,  Y,  Z values  for  the  white  sample  were  computed.  Next,  the  ratios  of 
the  participants  data  to  the  combined  reference  laboratory  values  were 
calculated  for  each  participant  (transformed  to  X,  Y,  Z space  if  necessary). 
These  ratios  are  shown  in  the  White  Sample  Analysis  table. 

Two  observations  can  be  made  about  the  data  in  the  White  Sample  Analysis 
tables.  First,  the  participants  as  a whole  tend  to  be  high  compared  with  the 
combined  average  values  obtained  by  the  selected  reference  laboratories. 
Second,  a few  participants  have  noticeably  extreme  values  for  one  or  more 
of  the  components  and  these  participants  especially  should  look  to  the  cause. 

Next,  the  ratios  in  the  White  Sample  Analysis  tables  were  used  to  "adjust" 
the  data  of  the  normal  data  tables  to  obtain  the  adjusted  data  tables  values 
The  adjustment  consisted  of  dividing  the  X,  Y,  Z values  of  the  normal  data 
tables  by  the  respective  ratios  in  the  White  Sample  Analysis  tables. 

The  significant  change  is  the  adjusted  data  tables  is  in  the  SD  OF  MEANS. 
Comparison  of  these  among-1  aborator.y  standard  deviations  with  those  in 
the  normal  data  tables,  shows  considerable  reduction  for  X,  Y,  Z.  Thus 
part,  at  least,  of  the  disagreement  among  participants  is  due  to  errors  in 
standarization  that  could  be  corrected  through  use  of  an  agreed-upon  white 
standard.  There  is  no  similar  significant  change  for  AX,  AY,  and  aZ. 
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REPORT  SC„  31  MCCA  COLLA EeR AT I VE  REFERENCE  PROGRAM  1979-I9e0 

WHITE  SAMPLE  ANALYSIS  FOR  NEAR  WHITE  PAPERS 
X,  Y,  Z LABORATORIES 


LAB 

RATIO* 

-(LAB/COMEINED  ) 
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PERCENT 

FROM  COMBINED 

CODE 
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Y 

Z 
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X 
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WHITE  SAMPLE  ANALYSIS  FOR  NEAR  WHITE  PAPERS 
L,  a,  b LABORATORIES 
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i.oce7 

71  HA 

-.93 

-lo  IS 

0 67 

C57  1 

©9396 

©9222 

0 9194 

7 1 HA 

-60  04 

-60  7 8 

-80  06 

C5  65 
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1 o 0450 

1 © 039 6 

1,0477 

7 1 HA 

4,50 

3©  96 

4o  77 

31 


REPORT  SOo  3 1 


MCCA  COLLABORATIVE  REFERENCE  PROGRAM 

X,  Y,  Z SPACE  ANALYSIS,  ADJUSTED  DATA 

COLOR  ♦ COLOR  EIFFEKENCE 

FOR  NEAR  WHITE  PAPERS 


1979- lseo 
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8 3©  97 

94©6  8 

-©58 

-oE4 

- 1©  2 1 

©94 

7 ICC 

C 1 6 2 

C244 

e 

8 1 © 64 

83©  33 

94©  C9 
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-©59 

— © 56 

-1©  13 

o ee 

7 1 £ F 

C72CE 

C727A 

♦ 
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O 31  MCCA  C8LLAECRATIVE  REFERENCE  PROGRAM 

L,  a,  b SPACE  ANALYSIS,  ADJUSTED  DATA 

COLOR  ♦ COLOR  DIFFERENCE 

FOR  NEAR  WHITE  PAPERS 
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3.34 
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« 
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